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I.  IN  RODUCTION 


This  research  Is  an  integrated  experimental  and  t  leoretical 
investigation  of  the  multi-line  issues  associated  with  assessing  the  Impact  or 
temporal  variations  in  a  cw  HF  device  on  the  capability  of  achievin'  a  phased 
output  beam  from  multiple  laser  cavities.  The  objectives  of  this  research  are 
to  fully  characterize  the  output  of  an  oscillator-amplifier  (MOPA) 
cont iguration  as  a  function  of  the  oscillator  input  beam,  time-dependent 
oscillations,  mode  beats,  and  determine  if  the  coupling  between  the  oscillator 
and  amplifier  perturbs  the  oscillator  output;  these  studies  are  to  be  carried 
out  for  first  one  and  then  two  amplifiers  driven  by  the  same  oscillator.  To 
accomplish  these  objectives,  tne  flow  fields  in  the  oscillator  and  amplifiers 
muse  be  identical,  lu  eusuLe  that  this  is  so,  the  devices  most-  firs-  he  fully 
characterized  as  oscillators  (power,  power  spectral  distr Lbuti'uis ,  beam 
diamete  s,  time-dependent  oscillations  as  a  function  of  cavity  losses, 
pressurt  and  flow  rates)  including  simulation  of  their  perfo  mance  wit  i 
computer  models.  This  background  Information  is  essenti;  l  to  the 
interpretation  anti  guidance  of  the  MOPA  experiments. 

The  two  channel  Hellos  CL  II  cw  HF  chemical  laser,  which  will  be  used 

as  the  amplifier,  was  fully  characterized  In  a  previous  study  of  the  time- 

dependent  oscillations  which  occur  on  ’lues  whose  saturated  gain  does  not  til 

1 

the  unstable  resonator  .  The  flow  channel  in  the  single  channel  Hellos  CL  I 
cw  HF  laser,  which  will  be  used  as  the  oscillator,  is  identical  to  one  of  the 
flow  channels  in  the  two  channel  laser  which  will  be  used  as  the  amplifier. 
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an  oscillator.  To  facilitate  comparison  with  the  CL  i)  data,  power,  power 
spectral  distributions,  beam  diameters,  and  time-dependent,  oscillations  as  a 
function  of  cavity  losses,  pressure  and  flow  rates  were  measured  for  the  same 
range  of  parameters  for  wt  ch  the  CL  11  data  were  taken. 

Comparison  of  the  two  lasers  when  the  cavity  losses  were  the  same 
showed  that  the  CL  stable  resonator  power  was  an  average  of  45%  of  the  CL  II 
stable  resonator  power.  The  power  split  between  vibiational  bands  remained 
about  the  same  while  the  peaks  of  the  CL  I  power  spectral  distributions  were 
shifted  one  J  lower  than  the  CL  II  spectral  peaks.  The  CL  I  spect  a  exhibit 
fewer  J  lines  than  CL  II  spectra.  The  CL  I  beam  diameters  were  smaller  than 
the  CL  II  beam  diameters.  All  of  these  scale  effects  are  a  consequence  of  the 
fact  that  the  saturated  gain  of  the  CL  I  laser  was  twice  that  of  the  CL  II 
laser  when  the  two  lasers  have  the  same  cavity  loss. 

Comparison  of  CL  1  and  CL  II  stable  resonator  performance  when  the 
saturated  gains  were  the  same  showed  that  the  CL  I  power  was  52-80%  of  the  CL 
II  power;  for  the  high  SF^  flow  rates,  the  CL  I  power  was  70-80%  of  the  CL  II 
power.  These  data  indicate  that,  if  the  saturated  gain  is  kept  constant  as 
the  size  of  the  laser  is  reduced,  it  ma>  be  possible  to  reduce  the  size, 
weight  and  gas  requirements  by  a  factor  of  two  with  only  a  25%  performance 
penalty.  The  power  spectral  distributions  of  the  two  lasers  were  similar  when 
the  saturated  gains  were  the  3ame. 

I'o  verify  the  al  1 11  tv  of  the  Blaze  11^  and  MNOROSSR^  computer 
simuLat  ions  of  the  Helios  laser  to  predict  perFormance  as  the  size  of  the 
laser  changes,  CL  1  simulations  were  made  by  halving  the  input  mass  flow  rates 
and  gain  length  of  the  CL  II  laser.  The  results  ot  these  .-a  Lculat  ions  gave 
good  agreement  with  the  measured  CL  I  power,  power  split  and  beam  uiameters. 
MNOROloR  computations  produced  power  spectral,  dlstribui  «.-ns  which  are  a 


) 


reasonable  agreement  with  the  CL  data.  These  calculations  show  that  the 
Blaze  LI  and  MN0R03SR  simulations  ot  the  Hellos  laser  are  valid  as  .1  function 
of  mass  flow  i  c.avity  losses,  pressure  and  size  of  the  laser. 

To  comple.  :  the  characterization  of  the  Cl.  L  loser.  the  CL  l  was  run 
with  an  unstable  resonator.  These  exper iments  used  a  MIX  geometric 
outcoupied.  confocal,  unstable  resonator.  A  variable  slit  scr  iper  .Merer  was 
used  to  outcouple  the  power  and  alLowed  the  Fresnel  number  to  vary  irora  U.U  to 
35.7.  The  time-dependent  oscillations  in  the  output  beam  of  the  CL  I  unstable 
resonator  all  had  a  period  of  about  47  ns  and  increased  in  amplitude  as  the 
fraction  of  the  resonator  filled  by  the  saturated  gain  of  a  lasing  line 
decreased.  A  7  ns  oscillation,  which  was  superimposed  on  top  of  the  47  ns 
oscillation,  is  thought  to  be  a  mode  beat  of  the  laser.  The  oscillations  on 
lines  whose  saturated  gain  does  not  fill  the  resonator  did  not  occur  for 
Fresnel  numbers  less  than  3.2,  Overall,  the  CL  1  unstable  re-onat>r  data  Is 
consistent  with  the  CL  II  unstable  resonator  data. 

Section  II  presents  the  CL  I  stable  resonator  data,  compares  it  to 

computer  simulations  and  to  CL  li  data  and  CL  II  simulations.  Section  11 L 

presents  the  CL  I  unstable  resonator  data  and  compares  it  with  the  CL  11 

unstable  resonator  data.  In  Section  IV,  several  concluding  remarks  are 

presented . 


IL.  CL  I  STABLE  RESONATOR  PERFORMANCE 


To  study  the  performance  of  a  Master  Oscillator  l  wer  Amplifier  (MOPA) 

configuration  as  a  function  of  the  characteristics  of  the  oscillator  and  the 

amplifier,  the  behavior  of  each  of  these  devices  must  first  be  understood  when 

they  are  operated  as  oscillators.  The  two  channel  Hellos  CL  II  laser,  which 

will  be  used  as  the  amplifier,  has  been  completely  characterized  as  an 

1  —ft 

oscillator  In  previous  studies  .  The  oscillator  to  be  used  in  the  MOPA 
experiments  will  be  a  single  channel  Hellos  CL  I  laser.  The  flow  channel  of 
the  CL  I  laser  Is  identical  to  one  of  the  flow  channels  of  the  CL  11  laser. 


This  permits  the  flow  fields  of  the  oscillator  and  amplifier  to  be  Identical 
when  the  CL  I  laser  is  run  at  one  half  the  flow  rates  of  the  CL  II  amplifier. 
The  characterization  of  the  CL  1  as  an  oscillator  is  presented  In  this  report . 


different  cavity  losses,  for  low  and  high  cavity  pressures,  and  for  six 
combinations  of  SF^  and  H2  flow  rates.  Scale  effects  were  determined  by 
comp  ring  CL  I  laser  data  with  CL  ll  laser  data.  These  comparisons  were  made 
for  the  two  lasers  having  the  same  cavity  losses  and  for  the  two  lasers  having 
the  same  saturated  gain.  The  latter  comparison  is  of  particular  interest 
because  it  indicates  that  a  50%  reduction  In  the  laser  size,  weight  and  gas 
requirements  results  In  only  a  25  performance  penalty. 


2.1  EXPERIMENTAL  STABLE  RESONATOR  PERFORMANCE 

The  CL  l  laser  is  a  single  flow  channel,  arc  driven,  cw,  subsonic  HF 
chemical  laser.  The  geometry  of  the  flow  channel  Is  identical  to  the  geometry 
of  one  of  the  flow  channels  of  the  two  channel  CL  II  laser  (see  Reference  5 
for  a  complete  description  of  the  CL  II  laser).  To  till  Ly  characterize  the  CL 
l,  power,  power  spectral  distributions ,  beam  diameters,  and  cavity  pressures 


wort'  measured  tot  six  combinations  <>t  SF^  and  11^  ‘.low  rates,  tor  high  and  low 
tvlty  pressures,  ami  tor  thru**  differ  nt  cavity  losses.  Tlio  mass  flow  rates 
used  for  the  CL  l  were  exactly  half  of  the  mass  flow  rates  used  tor  the  Cl. 

II.  For  correspond  l  UR  flow  rates,  the  cavity  pressures  In  the  Cl,  I  were 

adjusted  t<>  be  the  same  as  In  the  CL  il.  The  stable  resonator  used  consisted 
of  two  concave  2  meter  radius  of  curvature  mirrors.  The  feedback  mirror  was 
always  an  enhanced  total  reflector  (KTR,  r  =  0.995  +)  .  The  outc.oupler  was  a 
zinc  selenide,  partial  reflector  of  either  4b %  or  63%  reflectivity. 

2. 1 .  1  FXPLX. LMtlNTAL  PRuCKDURK 

The  total  multiline  power  was  measured  by  placing  a  Sclentech  Model  362 
power  meter  Into  the  outcoupled  beam  after  the  total  power  of  the  beam  was 
reduced  by  90..  oy  a  chopper,  Figure  1. 

The  pressure  in  tbe  laser  cavity  was  adjusted  by  a  flow  ccntrol 
alve.  The  flow  control  valve  was  partially  closed  to  achieve  cavity 
pressures  tn  the  5-7  torr  range;  the  flow  control  valve  was  closed  further  i_o 

obtain  cavity  pressures  In  the  10-12  tore  range.  The  pressurt  In  the  cavity 

was  measured  by  a  digital  readout  connected  to  a  Baracron  press  re  gauge  which 
In  turn  was  connected  to  a  centerline  pressure  tap  in  the  laser  cavity,  5  mm 
downstream  of  the  injectors. 

in  previous1  ~~>  studies,  a  strip  chart  recorder  had  been  used  to  take 
spectra.  For  the  present  studies,  the  spectra  were  taken  with  a  Tektronix 
MP2501  data  acquisition  system.  Figure  1.  Tills  data  acquisition  equipment 
consists  of  two  7854  digitizing  oscilloscopes,  a  4041  computer,  410'>  display 
terminal,  two  P6202A  FKT  probes,  and  a  4695  graphics  printer.  To  acquire, 
store  and  plot  the  pew  r  soectral  distributions,  several  subroutines  were 
written  and  added  to  l  t>  •  original  MP2301  software. 


1  .L 
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Fur  al  :  tuns,  two  burn  Mocks  wore  token,  one  near  t  lie  out  coupler  aiul 
one  tar  irom  tt.  the  beam  diameter  at  the  outcoupllng  mirror  was  extrapolated 
tiir  all  runs  usliij;  the  d  I  vurgence  angle  determine  =  from  these  two  burn  blocks. 

2.1.2  STAt.Lt;  RI.SONATOK  IN  VACUUM  MIRROR  MOUNTS  (VMM),  reff  -  0.4b 

The  stable  resonator  used  the  4bZ  partially  reflective  outcoupler  and 
the  KTR  lit  Viti.  aam  mirror  mounts  (VMM)  attached  to  the  laser  body.  Tin* 
distance  between  the  mirrors  was  32.7  cm.  Using  a  HeNe  laser,  the  resonator 
Is  initially  aligned  with  the  optical  axis  1.3  ram  downstream  M’  the 

injectors.  When  the  laser  is  In  operation,  the  mirrors  are  tuned  for  maximum 
power  and  thus,  the  exact  location  of  the  optical  axis  at  maximum  power  is 
unknown , 

The  peak  power,  fraction  of  the  po'-Ter  in  the  1+0  vibrational  band  and 
the  beam  diameter  for  the  six  combinations  of  SF^  and  flow  rates  for  the 

Low  and  high  pressure  cases  are  summarized  in  Tables  1  3nd  2,  respectively. 

The  power  spectral  distributions  f-.r  these  six  flow  rates  for  low  and  high 
pressures  are  shown  In  Figures  2  through  5.  The  power  spectral  distributions 
stiew  that  the  spectra  shift  toward  higher  J  linos  as  the  SF^  flow  rate  Is 
Increased.  This  shift  is  caused  ay  the  increase  in  temperature  cf  the  Lasant 
medium,  which  accompanies  the  Increased  heat  release  due  to  tne  increased  F 
atom  flow  rate^.  Comparison  of  high  and  low  pressure  power  spectral 

distributions  shows  that,  for  a  fixed  flow  rate  there  is  a  shift  in  the 
spectra  toward  higher  J  linos  as  pressure  Increased.  This  shift  in  the 
sptefru  is  a  consequence  of  rotation. iL  relaxation  The  rotational  relaxation 
rate  is  proportional  to  pressure  squared,  so  as  pressure  inciouses,  the 
rotational  relaxation  rate  increases,  thus  producing  a  more*  rotational  l  y 
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relaxed  spectra  which  is  seen  as  a  shite  toward  higher  J  lines. 
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ref f  ‘  0  .46,  Low  P 


RUN  NO. 

32 

33 

34 

35 

36 

37 

i  (go/ sec) 

.  2 

m  (gm/sec) 

*Vb 

0.0228 

0.715 

0.0228 

0.535 

0.0228 

0.355 

0.0305 

0.715 

0.0305 

0.535 

0.0305 

0.355 

Blaze  II  (Input  Data) 

X  Dlssoc. 

3.3 

4.0 

4.0 

3.3 

4.0 

4.0 

Initial  T  ( °K) 

500 

450 

450 

500 

450 

4  50 

H2  Mixing  Length 

3.0 

3.5 

4.0 

3.0 

3.5 

4.0 

P  (Meas.)  (Torr) 

6.7 

6.0 

5.4 

7.2 

6,5 

5.8 

P.f  (Watts) 

Data 

25.4 

16.7 

11.7 

28.0 

18.2 

12.6 

Blaze  II 

22.1 

21.4 

14.4 

23.7 

22.8 

15.3 

Pl0/PT 

Data 

0.496 

0.409 

0.352 

0,460 

0.470 

0,412 

Blaze  II 

J.502 

0.487 

0.475 

0.499 

0.488 

0.475 

Beam  Ill  a  .  (mm) 

Data 

2.55 

2.81 

3.67 

2.83 

2.76 

3.34 

Blaze  II 

4.61 

5.03 

5.21 

3.63 

4.03 

4,20 

Table  1.  Summary  ot  the  low  presour<-  stable  resonator  data  and  Blaze  II 
results  for  the  Hellos  CL  I  with  a  46%  reflective  cutcoupler  In 
VMM. 
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RUN  NO. 

reff 

32 

-  0.16, 

33 

High  P 

34 

35 

36 

37 

m  (gtc/sec) 

0.0228 

0.0228 

0.0228 

0.0305 

0.0305 

0.0305 

2 

(gm/sec) 

0.715 

0.535 

0.355 

0.715 

0.535 

0.355 

Blaze  II  (Input  Data) 

%  SFr  Dissoc. 

3.3 

4.0 

4.0 

3.3 

4.0 

4.0 

Initial  T  (°K) 

500 

450 

450 

500 

450 

4  50 

112  Mixing  Length 

3.0 

3.5 

4.0 

3.0 

3.5 

4.0 

P  (Meas.)  (Torr) 

11.5 

10.7 

10.0 

12.3 

11.0 

10.7 

p...  fW^rrq') 

1  '  ■ 

r  1 

17.8 

15.0 

9.0 

20.0 

16.7 

10.3 

L  ie  II 

16.8 

16.9 

13.2 

19.1 

18.9 

14.3 

P10/PT 

Data 

0.613 

0.486 

0.463 

0.654 

0.583 

0.441 

Blaze  II 

0.536 

C.511 

0.496 

0.528 

0.509 

0.495 

Beam  Dia.  (mm) 

Data 

2.08 

2.36 

1.62 

2.22 

2.47 

3.02 

Blaze  II 

3.06 

3.26 

3.12 

2.48 

2.63 

2.59 

Table  2.  Summary  of  the  high  pressure  stable  resonator  data  and  Blaze  II 
results  for  the  Helios  CL  1  with  a  46?  reflective  outcoupler  in 
VMM. 
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Experimental  low  pressure  stable  resonator  power  spectral 
distributions^ for  the  Helios  CL  I  laser  for  three  different  SF, 
flow  rates.  -  0.04. .7  gm/sec,  mQ  -  0.147  gm/sec  and 

•  * 

mH  "  0-0228  gm/sec.  A  46%  reflective  outcoupler  was  ufted  in 
2 

vacuum  mirror  mounts  (VMM). 


J 

Figure  3.  Experimental  low  pressure  stable  resonator  power  t  >ectral 

dis  'ibutions  for  the  Helios  CL  1  laser  for  three  different  SF^ 

flow  rates.  -  O.OA’’  gm/sec,  -  0,14  7  gm/sec  and 

ar.  «  0.LJ03  gm/sec.  A  46X  reflective  outcoupler  was  used  in  VMM 


Figure  4.  Experimental  high  pressure  stable  resonator  power  spectra’ 
distributions  for  the  Helios  CL  I  laser  for  three  different 
SF^flow  rates,  -  0.0437  gm/sec,  mn  «  0.J47  gm./sec  and 

2 

<£„  **  O.JZ28  gm/sec.  A  462  reflective  outcoupler  was  used 


in  VMM 
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Figure  5. 


M 


Experimental  high  pressure  stable  resonator  power  spectral 
distributions  for  the  Helios  CL  leaser  for  three  different  Sr, 
flow  rates,  «  0.0437  gm/secy  ■  0.147  gm/sec  and 

• 

in  *•  0.0i05  gm/sec.  A  46%  reflective  outcoupler  was  used  in  VMM. 
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2.1  J  stable:  RESONATOR  IN  EXTERNAL  MIRROR  MOUNTS,  reff  =■  0.34 

The  resonator  used  the  46%  partially  reflective  outcoujle).  and  the  2 
meter  radi  of  curvature  ETR,  but  in  this  configuration  the  mirrors  are 
mounted  external Ly.  These  external  mirror  mounts  (EMM)  are  rigid1 v  held 
together  by  an  invar  rod  structure  which  is  placed  on  two  translation  stages 
to  allow  movement  of  the  optical  axis  in  the  upstream-downstream  direction. 
The  distance  between  the  mirrors  was  1  meter  with  the  CL  I  laser  body  centered 
between  them.  All  the  data  were  taken  at  the  xc  (location  of  the  optical 
axis)  that  gave  maximum  power,  since  the  data  will  be  compared  with  the  VMM 
data  which  was  always  taken  at  the  xc  for  peak  power. 

To  seal  the  laser  cavity,  two  4  cm  CaF2  Brewster  windows  were  attached 
to  the  laser  body.  These  Brewster  wim  ows  were  new  and  hence  their  loss  had 

c-  ~  '  a  a.r  ♦•Via  oomo  firo.-D/liiro  ic  1  <  norl  -in  Poforonno  1  H  t" 

WW  l»V  J  Wliv  WVIUIW  w  ““  ,..ww  *  f  “  » 

was  determined  that  the  new  Brewster  windows  induce  a  12%  loss.  Thus,  when 
using  the  46%  reflective  outcoupler  and  the  new  Brewster  windows,  the 
effective  cavity  reflectivity  was  34%. 

The  peak  power,  fraction  of  the  power  in  the  1*0  vibrational  band  and 
the  beam  diameter  for  the  six  combinations  of  SF^  and  H2  flow  rates  for  the 
lew  and  high  pressure  cases  are  summarized  in  Tables  3  and  4,  respectively. 
The  power  spectral  distributions  for  these  twelve  cases  are  presented  in 
Figures  6  through  9.  The  same  spectral  t  jnds  are  observed  in  the  EMM  data  as 
in  the  VMM  data,  that  is,  the  spectra  shift  toward  higher  .1  lines  as  the  SFft 
flow  rate  increased  and,  for  a  fixed  flow  rate,  the  power  spectral 
distribution  shifted  toward  richer  J  line  -  as  pressure  increased. 

2.1.4  COMPARISON  OF  CL  l  AND  CL  II  PERFORMANCE  FOR  THE  SAME  CAVITY  LOSS 

Summaries  of  the  Cl.  I  and  CL  il  stable  resonator  performance  as  a 
function  of  cavity  loss  and  pressure  are  shown  in  Figures  10  through  11. 
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RUN  h). 

32 

33 

34 

35 

35 

37 

• 

(gm/sec) 

0.0228 

0.0228 

0.0228 

0.0305 

0.0)05 

J.0305 

2 

ms  (gm/sec) 

0.715 

0.535 

0.355 

0.715 

0.535 

u.  355 

6 

Blaze  11  (Input  Data) 

%  SF^  Dlssoc. 

3.3 

4.0 

4.0 

3.3 

4.0 

4.0 

Initial  I  (°K) 

500 

450 

450 

500 

450 

450 

H2  Mixing  Length 

3.0 

3.5 

4.0 

3.0 

3.5 

4.0 

P  (Meas.)  (Torr) 

6.7 

6.0 

5.4 

7.2 

6.5 

5.8 

(Watts) 

A 

Data 

19.9 

13.4 

9.6 

22.4 

14.7 

10. 1 

Blaze  II 

18  7 

18.2 

12.1 

20.5 

19.7 

13.0 

pi0/ft 

Data 

0.506 

0.457 

0.439 

0.528 

0.476 

0.404 

Blaze  11 

0.498 

0.481 

0.466 

0.497 

0.481 

0.469 

Beau  Dia.  (mm) 

Data 

3.12 

3.08 

3.09 

3.06 

3.04 

2,99 

Blaze  11 

4.50 

4.73 

5.19 

3.58 

3.94 

4.22 

Table  3.  Summary  of  the  low  pressure  stable  resonator  data  and  Blaze  II 

results  for  the  Hellos  CL  I  with  a  461  reflective  outcoupler  in  EMr 
and  4  cm  Ca?2  Brewster  windows  which  result  in  a  34%  effective 
reflectivity. 
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reff 

-  0.34, 

High  P 

RUN  NU. 

32 

33 

34 

35 

36 

37 

dl  (gm/sec) 

0.0228 

0.0228 

0.0228 

0.03  . 

0.0305 

0.0305 

42 

(  f.m/aec) 

0.715 

0.535 

0.355 

0.715 

0.535 

0.355 

Blaze  II  (Input  Data) 


%  SF^  Dissoc. 

3.3 

4.0 

4.0 

3.3 

4.0 

4.0 

Initial  I  (°K) 

500 

450 

450 

500 

450 

450 

H2  Mixing  Length 

3.0 

3.5 

4.0 

3.0 

3.5 

4.0 

P  (ideas.)  (Torr) 

11.5 

10.7 

10.0 

12.3 

11.6 

0.7 

PT  (Watts) 

Data 

13.7 

11.8 

7.1 

15.8 

13.0 

7.7 

Blaze  II 

13.7 

14.2 

11.1 

16.0 

16.2 

12.3 

P10/PT 

Data 

0.567 

0.550 

0.506 

0.562 

0.573 

0.482 

Blaze  II 

0.543 

0.514 

0.492 

0.531 

0.509 

0.491 

Beam  Dia.  (mm) 

Data 

2.77 

2.88 

2.51 

2.89 

2.74 

2.50 

Blaze  II 

2.86 

3.06 

3.13 

2.41 

2.48 

2.54 

Table  4.  Summary  of  the  high  pressure  stable  resonator  data  and  Blaze  II 

results  for  the  Helios  CL  I  with  a  46%  reflective  outcoupler  In  EMM 
and  4  cm  CaF0  Brewster  windows  which  result  in  a  34%  effective 
reflectivity. 
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Figure  6. 


J 


J 

Expet imental  low  pressure  stable  resonator  power  spectral 
distributions  ft^r  the  Hellos  CL  1  laser  for  three  different 
SF6flow  rates,  -  0.0437  gm/sec,  mQ  -  0.147  go/ sec 

and  “  0„0228  gm/aec.  A  46%  re' lective  outcoupler  was  used 

with  external  mirror  mounts  (EMM)  and  new  4  cm  CaF,  Brewster 
windows  which  result  in  a  34%  effective  reflectivity. 
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Figure  7. 


Experimental  ow  pret  *<ure  stable  resonator  power  spectral 
distributions  for  the  Hellos  CL  1  laser  for  three  different  SF. 
flow  rates,  -  C.0437  grc/sec,  raQ  -  0.147  gm/sec  and 

•0.0305  gm/ sec .  A  46%  reflective  outcoupler  was  used  with  EMM 

2 

and  new  4  cm  CaF2  Brewster  windows  which  result  in  a  34%  effective 
reflectivity. 
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Figure  8. 


Experimental  high  pressure  stable  resonator  power  spectral 
distributions  for  the  Helios  CL  1  laser  for  three  different  SF*. 
flow  rates,  «  G.0437  gm/sec,  m^  •  0.147  gm/sec  and 

■  ^ 

cl  *  0.C228  gm/sec.  A  46%  reflective  outcoupler  was  used  with 
2 

EMM  and  new  4  cm  CaF2  Brewster  windows  which  result  in  a  34% 
effective  reflectivity. 
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Experimental  high  pressure  stable  resonator  power  spectral 
distributions^for  the  Hellos  CL  I  laser  for  three  different  SF^ 
flow  rates,  »•  0.0437  gtn/sec,  ra^  *  0.147  gm/sec  and 


jjl  «  0.0305  gm/sec. 

*2 

EMM  and  new  4  cm  CaF2 
effective  reflectivity 


A  46%  reflective  outcoupler  was  used  with 
Brewster  windows  which  result  in  a  34X 
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Comparison  ot  Figures  10  and  12  shows  that  the  slopes  of  the  power  versus 
reflectivity  curves  are  steeper  for  the  CL  II  than  for  the  CL  I,  except  for 
the  high  pressure,  highest  SF^  flow  rates.  For  an  effective  reflectivity  of 
46%,  for  both  high  and  low  pressures,  the  CL  1  powers  range  from  38%  to  54%  of 
the  CL  ll  powers  for  the  same  cavity  loss;  38-40%  for  Runs  3*.  ami  37  (the 
lowest  SF^  flow  rate),  39-48%  for  Runs  33  and  36  (the  middle  SP^  flow  rate), 
and  48-54%  for  Runs  32  and  35  (the  highest  SFb  flow  rate).  Overall,  the  CL  l 
power  is  ar  average  of  45%  of  the  CL  II  power  for  the  same  cavity  loss 
independent  of  pressure,  Table  5. 

Comparison  of  the  power  spectral  distributions  ot  the  CL  1  and  the  CL 
II  for  the  same  cavity  loss  showed  a  shift  of  the  CL  I  spectral  peak,  to  one 
lower  J,  Figures  7  and  14.  The  lower  J  lines,  Pj(4)  and  P2(4),  were  present 
in  the  CL  1  low  pressure,  low  t low  rates,  reii  “  u*46  spectra.  Figures  2 

and  3.  These  lines  were  not  seen  In  the  CL  II  spectra1-^.  The  occurrance  of 
low  J  lines  Is  accompanied  by  the  loss  of  higher  J  Lines  In  the  CL  I 
spectra.  La  addition,  there  are  fewer  lines  In  the  CL  I  spectra  than  In  the 
CL  II  spectra.  These  effects  can  be  explained  by  the  fact  that  for  the  same 
cavity  loss,  the  saturated  gain  in  the  CL  I  is  twice  as  large  as  that  in  the 
CL  II.  This  is  seen  from  the  equation 
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where  a  is  the  saturated  gain,  L  Is  the  thickness  ot  the  mixed  flow  end  r 
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and  r^  are  the  mirror  ref  lectivitle8b.  For  the  same  cavity  Loss,  ru  and  rL 

are  the  same  for  both  the  CL  1  and  CL  II;  however,  L  *  2  L  and  thus 
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Figure  12.  Experimental  Helios  CL  11  stable  resonator  total  power  versus 

X  reflectivity  for  low  end  high  pressure.  fhe  EMM  data  has  been 
plotted  assuming  that  the  loss  introduced  by  the  old  Brewster 
wind  ws  was  17X. 
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Figure  13.  Experimental  Helios  CL  II  stable  resonator  total  power  versus 
pressure  for  two  optical  configurations.  The  VMM  cavity 
reflectivity  was  562  and  EMM  effective  cavity  reflectivity  was 
392. 
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CL  I  Data,  reff  *  0.46 


RUN  NO. 

32 

33 

34 

35 

36 

37 

Low  Pressure 

CL  I 

25.4 

16.7 

11.7 

28.0 

18.2 

12.6 

CL  II 

49. i 

42.2 

30.6 

51.7 

44.2 

32.8 

%  (CL  I/CL  II) 

51.7 

39.6 

38.2 

‘.2 

41.2 

38.4 

High  Pressure 

CL  I 

17.8 

15.0 

9.0 

20.0 

16.7 

10.3 

CL  II 

37.0 

32.8 

23.3 

40.0 

34.7 

25.9 

%  (CL  I/CL  II) 

48.1 

45.7 

38.6 

50.0 

48.1 

39.8 

Overall  Average  %  (CL  I/CL  II)  *  44.1 


Table  5.  Comparison  of  the  Helios  CL  I  and  CL  II  stable  resonator  total 
power  data  when  the  cavity  losses  are  the  same  for  low  and  high 
pressure . 
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Figure  14.  Experimental  low  pressure  stable  resonator  power  spectral 

distributions  for  the  Helios  CL  11  laser  for  three  different  SF, 
flow  rates.  m^  »  0.0874  gm/sec,  «■  0.294  gm/sec  and  ° 

•  ^ 

®u  “  0.0610  gm/sec.  A  56%  reflective  outcoupler  was  used  with 
2 

EMM  and  old  4  cm  CaF2  Brc  ster  windows  which  result  in  a  39% 
effective  reflectivity. 
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Since  rhe  CL  I  has  a  hi  her  saturated  gain,  fewer  lines  will  lase .  When  there 
are  fewer  lines,  the  stronger  spectral  lines  are  more  pronounced  as  seen  in 
all  of  the  CL  I  spectra  (i.e.,  P^CJJ/'P^  exceeds  0.50  and  in  some  cases  0.70). 

Comparison  of  the  beam  diameters  of  the  two  lasers  for  the  same  cavity 
loss  shows  that  the  beam  diameters  of  the  CL  1  are  smaller  than  those  of  the 
CL  II,  Table  6.  For  the  low  pressure  cases  it  is  seen  that  the  CL  1  beam 
diameters  are  from  1.78  to  2.01  mm  smaller  for  the  low  1^  flow  rates  and  from 
1.46  to  1.54  mm  smaller  for  the  high  1^  flow  rates.  For  the  high  pressure 
cases,  the  CL  I  beam  diameters  are  from  0.39  to  1.27  mm  smaller  for  all  flow 
rates,  except  for  one  case,  Run  37,  where  the  CL  1  beam  diameter  is  actually 
0.25  mm  larger.  The  smaller  beam  diameters  exhibited  by  the  CL  I  laser  are  a 
consequence  of  the  higher  saturated  gain  of  the  CL  I.  Figure  15  shows  how 
increased  saturated  gain  causes  the  beam  diameter  of  an  individual  line  to  be 
smaller  for  the  CL  I  laser.  This  Is  true  for  all  lines  and  thus  the  CL  I 
laser  has  smaller  beam  diameters  than  the  CL  II  laser.  It  should  be  noted 
that  this  comparison  was  made  for  both  lasers  In  EMM  configuration. 

2.1.5  STABLE  RESONATOR  IN  VMM,  rgff  -  0.63 

The  resonator  consisted  of  a  3%  partially  reflective  outcoupler  and 
the  ETR  in  VMM  as  described  in  Section  2.1.2.  With  this  resonator,  the 
saturated  gain  in  the  CL  I  was  the  same  as  the  saturated  gain  in  the  CL  11 
when  the  effective  re  t  lectivity  of  the  CL  II  resonator  was  39%.  These  data 
were  taken  to  provide  Information  on  the  scale  effects  of  changing  the  size  of 
a  laser  while  keeping  the  saturated  gain  the  same. 

The  peak  power,  fraction  of  :he  powei  In  the  1*0  vibrational  band  and 
beam  d  ameter  for  the  six  combinations  of  Sr^  and  flow  rates,  for  the  low 
and  high  pr  ssure  cases,  are  summarised  in  Tables  7  and  8,  respectively.  The 
power  spectral  distributions  for  these  twelv •  cases  are  presented  In  Figures 
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Case 

Beam  Diameters, 

Low  Pressure 

CL  I,  tg££  =  0.34 

CL  II,  rgff  =  0.39 

Beam  Diameters , 

High  Pressure 

CL  I,  tg££  “  0.34 

CL  II,  reff  -  0.39 

CL  I,  ref£  *>  0.46 

CL  II,  reff  -  C.43 


RUN  NO. 


32 

33 

34 

3.12 

3.08 

3.09 

4.90 

5.00 

5.10 

2.77 

2.88 

2.51 

3.39 

3.43 

2.91 

2.08 

2.36 

)  .62 

2.92 

3.03 

2.89 

35  36  37 

3.06  3.04  2.99 

4.60  4.50  4.50 


2.89 

2.74 

2.50 

r\r 

*■)  na 

J  *  Z.L 

-  .UU 

2.22 

2.47 

3.02 

2.84 

2.86 

2.77 

Table  6.  Comparison  of  the  Helios  CL  I  and  CL  II* stable  resonator  beam 
diameters  with  almost  the  same  :avi.ty  loss  for  low  and  high 
pressure . 


Branch  Gain, 


Figure  15.  A  typical  P-brancb  zero  power  gain  curve  for  the  2  ♦  1  vibrational  band  for  J 
This  diagram  shows  how  increased  saturated  gain  causes  the  CL  I  beam  diamecer 
smaller  than  the  CL  II  beam  diameters. 
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RUN  NO. 

(gm/sec) 

.2 

mcp  (gm/sec) 

Blaze  11  (Input  Data) 

%  SF^  Dlssoc. 
Initial  T  (°K) 

H-2  Mixing  Length 

P  (Meas.)  (Torr) 


PT  (Watts) 
Data 

Blaze  II 


P10/FT 

Data 

Blaze  II 


Beam  Dia.  (mm) 
Data 

Blaze  II 


re£f 

-  0.63, 

Low  P 

32 

33 

34 

0.0228 

0.0228 

0.0228 

0.715 

0.535 

0.355 

3.3 

4.0 

4.0 

500 

450 

450 

3.0 

3.5 

4.0 

6.7 

6.0 

5.4 

33.2 

21 .6 

15.3 

26.7 

25.5 

17  5 

0.706 

0.434 

0.347 

0.502 

0.492 

0.486 

3.60 

3.03 

3.45 

A. 82 

3.24 

5.46 

35 

36 

37 

0.0305 

0.0305 

0.0303 

0.715 

0.535 

0.355 

3.3 

4.0 

4.0 

500 

450 

450 

3.0 

3.5 

4.0 

7.2 

6.5 

5.8 

35.7 

23.0 

15.5 

28.1 

26.8 

18.3 

0.589 

0.423 

0.568 

0.502 

0.493 

0.485 

2.70 

2.46 

3.00 

3.80 

4> 

• 

00 

4.40 

Table  7 


Summary  of  the  low  pressure  stable  resonator  data  and  Blaze  II 
results  for  the  Helios  CL  I  with  a  63%  reflective  outcoupler  in 
VMM. 
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reff  -  0.63,  High  P 


RUN  NO. 

32 

33 

34 

35 

3b 

37 

(gm/ser.) 

0.0.  >.8 

0.0228 

0.0228 

0.0305 

0.0305 

'>.0305 

“2 

m  (gm/sec) 

0.71b 

0.535 

0.355 

0.715 

0.535 

0.355 

6 

Blaze  II  (Input  Data) 

%  SFa  Qissoc. 

3.3 

4.0 

4.0 

3.3 

4.0 

4.0 

Initial  T 

°(K) 

500 

450 

450 

500 

450 

450 

H2  Mixing 

Length 

3.0 

3.5 

4.0 

3.0 

3.5 

4.0 

P  (Meas.)  (Torr) 

11.5 

10.7 

10.0 

12.3 

11.6 

10.7 

f»  /  TT-  -  r  w,  \ 

£  rp  \  «o  u  vo; 

Data 

25.0 

19.2 

13.1 

30.3 

22.0 

14.0 

Blaze  II 

20.9 

20.8 

15.9 

’3.1 

22.6 

17.0 

*0 

O 

H 

Data 

0.446 

0.635 

0.500 

0.470 

0.549 

0.440 

Blaze  II. 

0.529 

0.511 

0.499 

0.523 

0.509 

0.498 

Beam  Dia.  (mm) 

Data 

2.91 

2.38 

2.76 

2.51 

2.41 

2.33 

Blaze  II 

3.26 

3.37 

3.36 

2.63 

2.48 

2.70 

Table  8.  Summary  of  the  high  pressure  .  .bie  resonator  data  and  Blaze  II 
results  for  the  Hellos  CL  l  wi  h  a  63%  reflective  outcoupler  in 
VMM. 
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16  through  19.  From  these  figures  it  is  seen  that  the  spectra  shift  toward 
higher  J  lines  as  the  SF^  flow  rate  increased  and,  for  a  fixed  flow  rate,  the 
spectra  shift  toward  higher  J  lines  as  pressure  increased.  The  reasons  for 
these  shifts  are  detailed  in  Section  2.1.2.  The  appearance  of  the  lines 
P2OO),  ?2(11)  and  P2O2)  at  the  highest  SF^  flow  rates  should  be  noted.  When 
the  saturated  gain  in  the  CL  1  is  the  same  as  in  the  CL  II,  the  minimum  in  tie 
spectra  at  P2OI)  is  observed  in  the  CL  I  as  it  was  in  the  CL  II1,  This 
minimum  at  ?2  C 1 1 )  can  be  explained  by  eollisional  ef fects * It  is 
believed  that  this  minimum  is  caused  by  a  near  resonant,  energy  transfer  from 
v  =  3,  J  =  3,  4  to  v=*2,  J**14  with  a  subsequent  rotational  cascade  to  v*2,  J»ll, 
which  is  the  upper  level  for  the  P2 (12)  line.  This  line  lases  and  thus  block.8 
the  rotational  cascade  to  v=«2,  J-10,  which  is  the  upper  level  for  the  P2OI) 
line  which  causes  the  ?2  v  i  i  >  line  Lo  be  weaker  than  Lise  (12)  Line.  At 
higher  pressure,  this  effect  becomes  more  pronounced  due  to  the  increased 
colLLston  frequency  and  thus  the  eollisional  energy  transfer  is  more 
important,  which  explains  why  the  minimum  occurs  at  high  pressure,  but  not  at 
low  pressure. 

As  noted  in  Section  2.1.4,  when  the  losses  in  the  CL  1  and  the  CL  II 
were  the  same,  the  higher  J  lines,  P?(  10)— P2C 12),  did  not  lase  In  the  CL  1 
because  the  saturated  gain  in  the  CL  I  was  twice  as  large  as  In  the  CL  11. 
Thus,  the  minimum  at  P2OO  was  not  observed  In  the  CL  l  spectra.  However,  as 
noted  above,  when  the  saturated  gain  In  the  CL  l  was  the  same  as  in  the  CL  Ii, 
the  minimum  at  P,(ll)  W38  observed  in  the  CL  1  spectra. 


2.1.6  COMPARISON  OF  CL  1  AND  CL  II  PERFORMANCE  FOR  THE  SAME  SATURATE!)  GAIN 

To  compare  the  performance  of  the  CL  1  and  CL  LI  Lasers  when  the 
saturated  gain  In  the  two  lasers  w.  ;  the  same,  the  effective  reflectivity  of 
the  laser  cavities  must  be  adjusted  to  give  the  same  a  .  From  Eq .  (2.1.4  -1) 
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Figure  16.  Ex  -erimental  low  pressure  stable  resonator  power  spectral 

distributions  for  the  Helios  CL  I  laser  for  three  different  SF^  flow 
rates.  “  0.0437  gm/sec,  “  0.147  gm/  sec  and 

“  0.0228  gm/sec.  A  63X  reflective  outcoupler  was  used  in  VMM. 
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Figure  17.  Experimental  low  pressure  stable  resonator  power  spectral 

di8tributionscfor  the  Helios  CL  I  laser  for  three  different  SF^ 
flow  rates,  -  0.0437  gm/sec,  m0  -  0.147  gm/sec  and 

* 

»  0.0305  gm/sec.  A  63Z  reflective  outcoupler  was  used  In  VMM 
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Figure  18.  Experimental  high  pressure  stable  resonator  power  spectral 

distribution^  for  the  Helios  CL  I  laser  for  three  different  SF^ 
flow  rates,  ie  »  0.0437  gm/sec,  a  ■  0.147  gm/sec  and 


nv,  "  0.0723  gm/oec.  A  6?%  reflective  outcoopler  was  used  in  V'lH 
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Figure  19.  Experimental  high  pressure  stable  resonator  power  spectral 

distributions^ for  the  Helios  CL  I  laser  for  three  different  SF^ 
flow  rates,  -  0.0437  gm/sec,  -  0.147  gm/eec  and 

2 

m  *  0*0303  gra/sec  A  63%  reflective  outeoupler  was  used  in  VMM. 
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sat 


CL  I 


2L 


'CL  I 


£n  r  r 

°CL  I  LCL  I 


(2. 1.6-1) 


a 


sat 


CL  II 


2L 


In  r 


(2. 1.6-2' 


'CL  II 


CL  I*  CL  II 


For  the  two  lasera  used,  L 


*  2L  and  r.  »  r,  .  Thus , 

®CL  II  eCL  I  CL  I  CL  II 


setting  a  =  a  gives 

CCL  I  CCL  II 


£n  r  r  *  9. n  r  r 

°CL  I  LCL  I  1  °CL  II  LCL  I 


(2. 1.6-3) 


Solution  of  this  equation  for  the  reflectivity  of  the  CL  II  outcoupler  gives 


r  -  x2  r,  (2. 1.6-4) 

t  t  T  T  T 

L  L  Vj L*  X  KjL*  X 

Therefore,  when  a  63%  partially  reflective  outcoupler  is  used  with  the  CL 

I  (r  »  0.63)  along  with  the  ETR  (r.  *  0.995),  the  CL  II.  laser  will 

°CL  I  CL  I 

have  the  same  saturated  gain  when  r  «  0.39  (i.e.,  the  effective 

°CL  II 

reflectivity  of  the  CL  II  outcoupler  must  be  39%). 

Comparison  of  the  peak  power  data  for  the  CL  I  and  CL  11^  for  the  same 
saturated  gain,  Table  9,  shows  that,  for  low  pressure  the  CL  I  powers  range 
from  52-77%  of  the  CL  II  powers;  52-54%  for  Runs  34  and  37  (the  low  SF^  flow 
rate),  57-58%  for  Runs  33  and  36  (the  middle  SF^  flow  rate),  and  76-77%  for 
Runs  32  and  35  (the  highest  SF^  flow  rate).  Overall,  the  CL  1  power  is  an 
average  of  62%  of  the  CL  II  power  for  low  pressure.  For  hig>.  pressure,  the  CL 
I  powers  range  from  63-80%  of  the  CL  II  powers,  Table  9;  63-68%  for  the  low 
and  middle  SF^  flow  rat  ‘8  and  70-80%  tor  the  highest  SF^  flow  rate.  Overall, 
for  high  pressure,  the  CL  I  power  is  an  average  of  68%  of  the  CL  II  power. 
Two  differences  between  the  comparison  of  the  same  cavity  loss  and  the 
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RUN  NO. 

32 

33 

34 

35 

36 

37 

PT  (Watte) 

CL  I, 

Low  P 

33.2 

21.6 

15.3 

35.7 

23.0 

15.5 

CL  LI, 

Low  P 

43.7 

37.5 

28.2 

46.2 

40.2 

29.6 

X  (CL 

1/  CL  II) 

76.0 

57.6 

54.3 

77.3 

57.2 

52.4 

CL  I, 

High  P 

2.5.0 

19.2 

13.1 

30.3 

22.0 

14.0 

CL  II, 

High  P 

35.5 

30.5 

20.6 

38.0 

32.5 

22.1 

X  (CL 

I/CL  II) 

70.4 

63.0 

63.6 

79.7 

67.7 

63.3 

PlQ/pT 

CL  I, 

Low  P 

0.706 

0.434 

0.347 

0.589 

0.423 

0.568 

CL  II, 

Low  P 

0.481 

0.512 

0.468 

0.493 

0.511 

0.472 

CL  I, 

High  P 

U.  44b 

0.635 

0.500 

0.470 

0-549 

0.440 

CL  II, 

High  P 

0.530 

0.483 

0.472 

0.520 

0.531 

0,474 

Beam  Diameter  (mm) 

CL  I,  Low  P 

3.60 

3.03 

3.45 

2,70 

2.46 

3.00 

CL  II, 

Low  P 

4.90 

5.00 

5.10 

4.60 

4.50 

4.50 

CL  I, 

High  P 

2.91 

2.38 

2,76 

2.51 

2.41 

2  33 

CL  II, 

High  P 

3.39 

3.43 

2.91 

3.21 

3.06 

3,  9 

Table  9. 

Comparison  of 

the  He 11 os  CL  I 

and  CL 

II**  low  and 

high  i 

pressure 

stable  resonator  data 

when  the 

lasers 

have  the  same  saturated  j 

comparison  of  the  same,  saturated  gain  cases  should  be  noted.  First,  the  ratio 
of  CL  I  to  CL  II  powers  is  larger  for  the  same  saturated  gain  case  and  second, 
this  ratio  is  pressure  dependent  for  the  same  saturated  gain  case,  but 
pressure  independent  for  the  same  cavity  loss  case.  These  differences 
indicate  that  when  comparing  las  r  performance,  it  i3  important  to  know  if  the 
lasers  have  the  same  cavity  loss  or  the  same  saturated  gain.  These  data  show 
that,  if  the  saturated  gain  is  kept  constant,  for  only  a  23%  performance 
penalty,  the  size,  weight,  and  gas  flow  rates  can  be  reduced  by  a  factor  of 
two . 


Comparison  of  the  power  spectral  distributions  of  the  CL  I  to  those  of 

A 

the  CL  il  for  the  same  saturated  gain  shows  that  the  spectra  are  similar,  see 
Figures  14  and  17.  The  minimum  at  ?£( 11)  occurs  in  the  CL  II  spectra  for  both 
low  and  high  pressures,  and  is  more  pronounced  in  the  high  pressure  cases,  hut 
the  P2 (11)  minimum  .  nly  occurs  for  high  pressure  in  the  CL  I  spectra.  This  is 
probably  a  result  of  nonlinear  scaling  effects. 

Comparison  of  the  beam  diameters  of  the  two  lasers  having  the  same 
saturated  gain  shows  that  the  beam  diameter:  of  the  CL  I  are  smaller  than 
those  of  the  CL  II,  Table  9.  For  low  pressure,  the  CL  I  beam  diameters  are 
from  1.30  to  1.9/  mm  smaller  than  the  CL  II  beam  diameters,  independent  of 
flow  rate.  For  high  pressure,  the  CL  I  beam  diameters  are  from  0.13  to  1.05 
mm  smaller  than  those  of  the  CL  II,  also  Independent  of  flow  rate.  The 
differences  between  the  CL  I  an>i  CL.  II  beam  diameters  when  the  saturated  gains 
are  the  same  are  Less  than  when  the  resonators  have  the  same  cavity  losses. 
The  difference  in  the  beam  diameters  of  the  CL  I  and  CL  LI  lasers,  for  the 
same  saturated  gain  case,  is  a  result  of  the  different  mirror  separations 
which  occurred  when  EMM  were  used  on  .ho  CL  II  and  VMM  on  the  CL  I, 


Calculation  of  beam  radii  from  the  equations  of  Reference  10  showed  that  VMM 
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2.2.1  COMPARISON  OF  BLAZfc  II  CALCULATIONS  WITH  DATA 

The  CL  I  Blaze  II  results  are  compared  to  data  in  Tables  1-4,  7  and  8 
as  well  as  graphically  in  Figures  20,  21  and  22.  The  Blaze  II  computer 
simulations  agree  very  well  with  the  experimental  data;  in  particular  the 
slopes  of  the  Blaze  II  and  data  cutves  in  Figures  20-22  are  in  good 
agreement.  The  largest  difference  between  calculation  anti  data  occurs  in  the 
low  pressure  beam  diameters  which  Blaze  II  overpr  diets  by  0.52  to  2.22  mm,  an 
average  of  1.49  mm.  Other  than  this  difference,  Blaze  II  tracks  the  CL  I  data 
as  well  as  Blaze  II  tracks  the  CL  II  data^ ’  -*» ® . 

Figure  11  shows  the  CL  II  Blaze  II  performance  curves.  For  refj  =* 
0.46,  Table  10,  the  CL  I  Blaze  VI  performance  is  43%  to  46%  of  the  CL  II  Blaze 
II  performance  with  an  overall  average  of  44%.  This  overall  average  of  44%  is 
nearly  the  same  as  the  overall  average  of  45%  found  when  comparing  the  CL  I  to 
the  CL  II  performance  data  for  the  same  cavity  loss.  Section  2.1.4. 

Comparison  of  CL  I  and  CL  II  Blaze  II  results  for  the  same  saturated 
gain.  Table  10,  shows  that,  for  low  pressure,  the  CL  I  Blaze  II  powers  range 
from  53-56%  of  the  CL  II  Blaze  II  powers,  an  average  of  55%.  For  high 
pressure,  the  CL  I  Blaze  II  powers  range  from  55-63%  of  the  CL  II  Blaze  II 
powers,  an  average  of  58%.  These  average  percentages  are  not  as  large  as 
observed  in  the  data  comparison,  Section  2.1.6,  but  they  do  reflect  the  higher 
power  ratios  and  the  pressure  dependence  of  the  power  ratios  of  the  same 
saturated  gain  case  as  compared  with  the  same  cavity  loss  case. 

The  CL  1  Blaze  II  results  Indicate  that  the  set  of  values  for  the  four 
Input  parameters,  percent  SF^  dissociation,  initial  temperature  of  the  flow  at 
the  H  2  injectors,  and  primary  and  secondary  mixing  lengths,  yields  quite 
acceptable  agreement  with  the  measured  stable  resonator  data  as  a  function  of 
flow  rate,  cavity  loss,  pressure,  and  laser  size  (gain  length). 
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Figure  22. 


Comparison  of  experimental  and  predicted  total  power  versus 
pressure  for  the  Hellos  Cl.  1  laser  with  a  46*  reflective 
outcoupler  in  VMM. 
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Same  Cavity  Loss 


RUN  NO. 


32 

33 

34 

35 

36 

37 

Low  Pressure 

CL  I,  **  0.46 

CL  It*  ^eff  ** 

22.1 

51.0 

21.4 

47.9 

14.4 

33.3 

23.7 

55.2 

22.8 

51.7 

15.3 

35.1 

%  (CL  1/CL  II) 

43.3 

44.7 

43,2 

42.9 

44.1 

43.6 

High  Pressure 

CL  1,  reff  -  0.46 
CL  II,  re£t  »  0.46 

16.8 

37.6 

16.9 

36.8 

13.2 

.'9.2 

19.1 

45.0 

18.9 

43.1 

14.3 

32.5 

%  (CL  I/CL  II) 

44.7 

45.9 

45.2 

42.4 

43.9 

44.0 

Overall  Average  % 

(CL  1/CL  II)  -  44.0 

Same  Saturated  Gain 

Law  Pressure 

CL  I,  *  0.63 

CL  II,  rcff  -  0.39 

26.7 

48.5 

25.5 

45.5 

17.5 

31  .5 

28.1 

52.6 

26.8 

49.2 

18.3 

33.3 

X  (CL  I/CL  II) 

55.1 

56.0 

55.3 

53.4 

54.5 

55.0 

Low  Pressure  Average  % 

(CL  I/CL  I 

I)  =  54, 

9 

High  Pressure 

CL  I*  rej£  *»  0.63 
CL  II,  reff  -  0.39 

20.9 

33.4 

20.8 

34.0 

15.9 

27.6 

23.1 

41.9 

22.6 

41.2 

17.0 

31.1 

X  (CL  l  /CL  II) 

62.6 

61.2 

57.6 

55.1 

54,9 

34.7 

High  Pressure  Average 

X  (CL  I/CL 

II)  =  57 

.7 

Table  10.  Comparison  of  the  Helios  CL  I 
the  cavity  losses  are  the  same 
same  for  low  and  high  pro*-: sure 

and  CL  II 
and  when 

Blaze  II 
the  satu' 

total 
!  ated 

powers 
gains  a 
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2.2.2  COMPARISON  OF  MNORG3SR  CALCULATIONS  WITH  DATA 

The  results  of  Reference  8  showed  that  the  separate  baselining  of  the 
Fabry-Perot  and  stable  resonator  codes  accounted  foi  resonator  mode  structure 
which  is  not  included  in  the  geometric  optics  Fabry-Perot  and  stable  resonator 
models.  Because  the  stable  resonator  code  is  very  expensive  to  run,  to  insure 
consistency  of  the  stable  resonator  baselining  parameters  as  a  function  of 
flow  rates  and  pressure,  the  Blaze  11  code  was  used  to  determine  these 
parameters  and  to  compare  performance  as  a  function  of  flow  rate  and 
pressure.  Since  the  Fabry-Perot  model  always  gives  the  largest  power,  Blaze 
II  was  baselined  to  overpredict  the  stable  resonator  data  by  about  17. 5%  for 
all  six  flow  rates.  With  this  set  of  values  for  the  four  input  parameters, 
stable  resonator  calculations  were  performed  for  two  flow  rates,  Runs  34  and 
36,  at  low  and  high  pressure  for  vacuum  and  external  mirror  mount  cavities. 
The  agreement  between  the  CL  II  stable  resonator  calculations  and  data  was 

Q 

reasonable  . 

As  a  further  check  of  the  validity  of  the  stable  resonator  model, 
MN0R03SR  calculations  were  performed  for  the  CL  l  by  reducing  the  input  mass 
flow  rates  and  gain  length  by  a  factor  of  two.  Before  the  KN0R03SR 
calculations  were  performed.  Blaze  II  results  were  obtained  for  the  CL.  1  for 
all  six  flow  races.  Table  11.  Comparison  of  CL  l  and  CL  11^*  overprediction  by 
Blaze  II  shows  that  Blaze  II  overpredicts  the  CL  I  data  by  an  average  of  10.22 
and  overpredicts  the  CL  II  data  by  an  average  of  8.2X. 

With  the  fluid  flow  profiles  generated  by  the  Blaze  II  results,  two 
stable  resonator  calculations  were  made  for  the  CL  l.  Runs  34  and  3b,  low' 
pressure.  Table  12.  As  in  the  case  of  the  CL  11^,  the  resul ts  give  acceptable 
agreement  with  the  measured  total  power,  power  split,  and  beam  diameters.  The 
power  spectral  distributions.  Figures  24  and  25,  show  that  the  MN0R03SK 
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rg££  -  0.63,  Low  P 


RUN  NO.  32 

33 

34 

35 

36 

37 

mH  (gm/sec) 

0.0228 

0.0228 

0.0228 

0.0305 

0.0305 

0.0305 

m.  .  (gm/sac) 

0.715 

0.535 

0.355 

0.715 

0.535 

0.355 

Blaze  II  (Input  Data) 


%  SF.  Dissoc. 

4.0 

4.0 

4.0 

4.0 

4.0 

4.0 

Initial  T  (°K) 

430 

450 

450 

450 

450 

450 

H2  Mixing  Length 

3.5 

3.5 

2.5 

3.5 

3.5 

2.5 

P(Meas.)  (Torr) 

6.7 

6.0 

5.4 

7.2 

6.5 

5.8 

P-j.  (Watts) 

Data  33.2 

21.6 

15.3 

35.7 

23.0 

15.5 

Blaze  11 

30.0 

25.5 

18.7 

32.1 

26.8 

19.3 

%  Over  data 

-9.6 

+18.1 

+22.2 

-10.1 

+  16.3 

+24.5 

O  /  p 

x 10/rT 

Data  0.706 

0.434 

0.347 

0.589 

0.423 

0.568 

Blaze  II 

0.504 

0.492 

0.483 

0.503 

0.493 

0.484 

Beam  Dia.  (mm) 

Data  3.60 

3.03 

3.45 

2,70 

2.46 

3.00 

Blaze  II 

5.14 

5.24 

4.30 

4.03 

4.18 

3.46 

Table  11.  Summary  of  the  low  pressure  stable  resonator  data  and  Blaze  II 
results  for  the  Hellos  CL  I  with  a  63%  reflective  outc.oupler  in 
VMM.  The  Blaze  II  parameters  were  those  used  for  MN0R03SK  CL  II 
calculations  . 


Case 


Total  Power 
(Watts) 


P10/PT 


Beam  Dla . 
(mm) 


RUN  34 

Data,  VMM  15.3  0.  -\7  3.45 

MN0R03SR  16. H  0.488  4.92 

(OA  =  0.250  cm) 


RUN  36 

Data,  VMM  23.0  0.423  2.46 

MN0R03SR  2J.9  0.501  4.43 

(OA  -  0.225  cm) 


Table  12.  Summary  of  the  low  pressure  stable  resonator  data  and  MNOR03SR 
results  for  the  Hellos  CL  I  with  a  63%  reflective  outcoupler  In 
VMM. 


P2(J)/P2  p,  (J)/Ps 
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Figure  24.  Comparison  of  the  Hellos  CL  1  low  pressure  experimental  and 
MN0F03SR  power  spectral  distribution''  for  RUN  34  u  Ing  VMM, 
r  -  0.63,  optical  axis  ~  0.250  cm. 


p2(  J)/p2  p,  (J)/Pl 
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Figure  25.  Comparison  of  the  Helios  CL  1  low  pressure  experimental  and 
MN0R03SR  power  spectral  distributions  for  RUN  36  using  VMM, 
r  *  0.63,  optical  axis  -  0.225  cm. 
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spectral  peaks  are  shifted  one  J  lower  than  the  data.  This  3hift  was  also 

O 

observed  when  comparing  CL  II  MN0R03SR  spectra  to  measured  CL  II  spectra0. 

In  seminary,  the  Blaze  II  and  MN0R03SR  CL  I  calculations  track  the  CL  1 
data  as  well  as  these  models  tracked  CL  II  data.  This  shows  that  these 
computer  models  are  valid  as  a  function  of  mass  flow  rates,  cavity  losses, 
pressure  and  size  of  the  laser. 

2.3  SUMMARY  OF  CL  I  STABLE  RESONATOR  RESULTS 

Several  scale  effects  were  observed  when  comparing  CL  I  stable 

resonato-  data  with  CL  II  stable  resonator  data.  When  the  resonators  have  the 
same  cavity  losses,  the  CL  1  power  ras  an  average  of  45%  of  the  CL  II  power. 
The  slopes  of  the  power  versus  reflectivity  curves  are  steeper  for  the  CL  II 
than  for  the  Cl.  I.  exeeut  for  the  hivh  Dressure.  highest  SF A  flow  rates.  The 

»  w  v 

spectral  peaks  of  the  CL  I  laser  are  shifted  one  J  lower  than  the  spectral 
peaks  of  the  CL  II  laser.  The  CL  I  spectra  show  the  appearance  of  lower  J 

lines  ar.d  the  loss  of  higher  J  lines  when  compared  to  CL  II  spectra  having  the 

same  cavity  loss.  Fewer  lines  are  observed  in  the  power  spectral 

distributions  of  the  CL  I  laser.  The  beam  diameters  of  the  CL  I  laser  are 
smaller  than  those  of  the.  CL  II  laser.  These  scale  effects  are  all  pressure 
independent  and  are  a  consequence  of  the  CL  I  laser  having  twice  the  saturated 
gain  of  the  CL  TL  laser. 

Different  scale  effects  are  observed  when  the  CL  I  and  CL  II  resonators 
have  the  same  saturated  gain.  The  CL  I  power  varied  from  52-80%  of  the  CL  II 
power;  f-r  the  high  SF^  flow  rates,  the  CI.  .1  power  was  7U~80%  of  the  CL  II 
power.  These  data  Indicate  that  if  the  saturated  gain  is  kept  constant  as  the 
size  of  the  laser  is  reduced.  It  may  be  possible  to  reduce  the  size,  weight 
and  gas  tmw  rates  by  a  i  actor  of  two  with  only  a  25%  performance  penalty. 
The  pow<  r  spectral  distributions  of  the  two  resonators  having  the  same 
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saturated  gain  are  similar,  including  the  minimum  at  P2OI)  for  high 
pressure.  The  beam  diameters  of  the  CL  I  laser  are  smaller  than  those  of  the 
CL  II  laser.  The  difference  between  the  beam  diameters  of  the  CL  I  and  CL  II 
lasers  when  the  saturated  gains  are  the  same  is  less  than  when  the  two 
resonators  have  the  same  cavity  loss.  For  the  same  saturated  gain  case,  the 
difference  between  CL  1  and  CL  II  beam  diameters  is  a  result  of  the  different 
mirror  separations  which  occurred  when  EMM  were  used  on  the  CL  H  and  VMM  on 
the  CL  1. 


Both  the  Blaze  II  and  MN0R03SR  computer  simulations  gave  good  agreement 
with  the  measured  CL  I  power,  power  split,  and  beam  diameters.  MN0R03SR 
computations  produced  power  spectral  distributions  which  were  in  reasonable 
agreement  with  the  CL  I  data.  These  calculations  show  that  the  Blaze  II  and 


i?d  1  *f  A  <20 
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flow  rates,  cavity  losses,  pressure  and  size  of  the  laser 
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III.  CL  I  CONFOCAL  UNSTABLE  RESONATOR  PERFORMANCE 


To  study  the  effects  of  temporal  variations  in  the  CL  I  oscillator  on 
the  CL  II  amplifier  performance,  the  time-dependent  oscillations  of  the  CL  I 
oscillator  must  be  known.  Thus  the  CL  I  laser  was  characterized  with  an 
unstable  resonator.  To  compare  with  the  CL  II  unstable  resonator  data  ,  the 
same  50%  geometric  outcoupled,  confocal  unstable  resonator  with  a  variable 
slit  scraper  mirror  was  used  on  the  CL  I.  The  experimental  results  are 
presented  in  the  subsequent  sections. 


3.1  ALIGNMENT  PROCEDURE 


Figure  26  shows  the  layout  of  the  50%  geometric  outcoupled,  confocal 
unmahle  resonator  used  on  the  Helios  CL  1  laser.  The  resonator  consists  of  a 
convex  and  a  concave  mirror  separated  by  one  meter,  with  a  flat  slit  scraper 
mirror  |  lace...  at  an  angle  of  45°  to  the  optical  axis  near  the  convex  mirror. 
The  radius  of  curvature  of  the  mirrors  is  -2  meters  for  the  convex  mirror  and 
4  meters  for  the  concave  mirror  which  result  in  a  resonator  magnification  of 
2.  The  slit  scraper  mirror  consists  of  two  flat  mirrors  which  slide  apart  to 
form  a  slit  whose  width  can  be  varied  from  0.0  to  10.0  vnllllmetars .  Since  the 
resonator  Is  a  confocal  unstable  resonator  with  a  magnification  of  2,  the 
effective  diameter  of  the  convex  mirror  is  equal  to  the  scraper  mirror  slit 
width  and  the  effective  diameter  of  the  concave  mirror  is  equal  to  twice  the 
scraper  mirror  slit  width.  The  Fresnel  number  for  the  resonator  is  given  by 


N 


F 


(3.1-1) 


where  D  is  the  diameter  of  the  large  mirror,  A  is  the  wavelength  and  1.  is  the 
mirror  spacing.  For  his  resonator,  the  Fresnel  number  Is  determined  by  the 
effective  diameter  of  the  concave  mirror  and  is  therefore  controlled  by  the 


OUTCOUPLED  REAM 
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CONFOCAL  UNSTABLE  RESONATOR 


r>7 

slit  width  of  the  craper  mirror.  The  Fresnel  number  for  the  resonator  used 
o>.  the  Helios  CL  I  laser  ranged  from  0.0  to  8.9. 

The  alignment  procedure  for  the  CL  I  is  the  same  as  that  described  in 
Reference  3;  however,  for  completeness  the  alignment  procedure  will  be 
repeated.  Figure  27  shows  the  optical  path  of  the  alignment  tteNe  laser 
through  the  unstable  resonator.  The  resonator's  mirrors  are  mounted  on  a  set 
of  translation  stages,  which  allow  accurate  positioning  of  the  optical  axis  of 
the  resonator  with  respect  to  the  H2  injectors.  The  unstable  resonator 
alignment  procedure  consists  of  five  steps. 

The  first  3tep  is  to  align  the  HeN.j  laser  beam  with  the  H2  injectors  of 
the  laser.  Note  that  fcr  this  step,  the  Brewster  windows  and  the  resonator 
mirrors  were  not  in  their  mounts.  The  HeNe  laser  is  set  at  a  height  equal  to 
the  height  of  the  center  of  the  laser  cavity  plus  tne  necessary  additional 
height  to  compensate  for  the  refraction  offset  due  to  the  right  Brewster 
window  when  it  is  in  place.  An  iris  raour  ed  on  a  magnetic  base,  which  was  set 
to  the  height  of  the  HeNe  laser  beam,  was  used  to  check  that  the  HeNe  beam  was 
at  the  proper  height  throughout  the  alignment  procedure.  The  HeNe  beam  was 
split  into  two  components  as  shown  in  Figure  27.  Mirror  1  was  then  adjusted 
until  beam  l  was  aligned  with  the  H2  injectors  in  the  laser  cavity.  The  right 
Brewster  wi  low  was  then  attached  to  the  laser.  Fine  adjustments  t  ere  made  to 
mirror  1  until  the  beam  exited  the  left  side  of  the  laser  cavity  centered  both 
vertically  and  parallel  to  the  ^  injectors.  The  left  Brewster  window  was 
then  attached  to  the  laser  and  the  height  of  the  HeNe  was  checked  with  the 
Irts  at  the  far  Left  of  the  laser.  It  necessary,  minor  1  was  adjusted  again 
to  correct  any  error  In  the  alignm  nt  of  the  H-  Ne  beam  with  respect  to  the 


la3er  cavity. 
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igure  27c  Optical  path  of  the  HeNe  alignment  laser  through  the  confocal,  unstable  reso3<.;or 
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Ttie  second  step  in  the  alignment  procedure  was  to  center  the  mirror 
holders  on  the  HeNe  beam  aligned  in  the  first  step.  The  translation  stages 
are  located  on  the  optical  table  so  that  their  range  of  travel  permits 
movement  of  the  optical  axis  both  upstream  and  downstream  of  the  H2  injectors. 
The  alignment  of  the.  mirror  holders  on  the  translation  stages  was  achieved  by 
using  two  plexiglas  disks  which  fit  into  the  mirror  mounts.  Each  disk  had  a 
small  hole  the  diameter  of  the  HeNe  beam  drilled  in  its  center.  The  mounts 
were  then  positioned  on  the  translation  stages  so  that  the  alignment  beam 
passed  through  each  hole. 

The  third  step  was  the  alignment  of  the  concave  mirror.  The  concave 
mirror  was  placed  in  Its  mount  and  then  tuned  until  beam  1  reflects  back  upon 
Itself . 

The  fourth  step  was  the  alignment  of  the  slit  scraper  mirror.  The 
variable  site  scraper  mirrors  were  placed  in  their  •ounts  and  the  slit  was 
fully  opened.  The  position  of  each  half  of  the  variable  slit  scraper  mirror 
Is  controlled  by  a  micrometer.  Each  side,  in  turn,  was  moved  in  until  it 
blocked  out  beam  1  and  the  micrometer  reading  was  recorded.  The  micrometers 
are  then  both  set  shorter  than  the  previous  reading  by  half  the  diameter  of 
the  HeNe  beam.  The  mirror  halves  would  just  touch  at  this  setting.  Then  each 
mirror  is  moved  out  by  one  millimeter  on  the  micrometer.  The  HeNe  image 
reflected  back  by  the  concave  mirror  will  then  appear  symmetric  about  the 
scraper  mirror  silt.  Mirror  /.  was  then  adjusted  until  beam  2  was  centered  on 
the  3 lit  and  the  image  of  beam  l  from  the  scraper  mirror  was  symmetric  about 
beam  2  on  mirror  2  and  on  the  face  of  the  HeNe  laser.  A  check  of  the 
alignment:  was  to  block  beam  1  and  lh<  image  of  beam  2  reflected  off  the 
sosaper  cir. ors  wouLd  be  symmetric  and  centered  about  the  H2  Injectors  on  both 
sides  of  the  laser  cavity. 
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Figure  23.  Schematic  of  the  experiment  to  measure  the  time-dependent  oscillations  on  lines 
whose  saturated  gain  does  not  fill  the  unstable  resonator. 


bZ 


and  the  ^  Injectors  was  .lways  equal  to  the  scraper  mirror  slit  width.  A 
summary  of  the  total  power  unstable  resonator  data  for  Run  34  is  presented  in 
Table  13.  Both  47  ns  and  7  ns  oscill  tions  were  observed  in  the  CL  1  unstable 
resonator.  The  47  ns  oscillation  did  not  occur  for  Fresnel  numbers  below 
3.2.  As  observed  in  Reference  3,  the  7  ns  oscillation  was  superimposed  on  the 
47  ns  oscillation.  Since  the  round  trip  transit  time  of  a  photon  is  6.67  ns 
(the  mirror  spacing  is  1  meter),  the  7  ns  oscillation  most  likely  corresponds 
to  a  mode  beat  of  the  laser.  Figure  29  shows  the  digitized  7  ns  oscillation 
superimposed  on  the  47  ns  oscillation  as  well  as  the  corresponding  square  wave 
which  results  from  the  beam  chopper.  The  corresponding  spectrum  analyzer 
trace  is  shown  in  Figure  30.  From  the  spectrum  analyzer  trace,  it  is  seen 
that  the  long  period  oscillation  is  21.1  MHz  (47  ns)  and  the  short  period 
oscillation  is  143  MHz  (7  ns). 

Table  14  gives  the  oscillation  data  for  individual  lines  as  a  function 
of  Fresnel  number.  This  data  sho;  <  that  the  47  ns  oscillation  on  lines  whose 
saturated  gain  does  not  fill  the  resonator  do  not  occur  for  Fresnel  numbers 
below  3.z.  The  appearance  of  the  47  ns  oscillation  on  only  one  line,  Pj(7), 
should  be  noted.  This  occurs  because  the  power  of  most  of  the  individual 
lines  was  too  small  to  drive  the  fast  InAs  detector. 

3.4  RUN  36,  LOW  PRESSURE  DATA 

Total  pow  r,  oscillation  zncy  and  amplitude  measurements  for  Run 
36,  the  middle  SF^  and  high  H2  flow  rates,  were  taken  at  a  pressure  of  6.50 
torr.  Since  a  symmetric  resonator  was  used,  the  distance  between  the  optical 
axis  and  the  H2  injectors  was  always  equal  to  the  scraper  mirror  slit  width. 
A  summary  of  the  total  power  unstable  resonator  data  for  Run  36  Is  presented 
in  Table  15.  Again  t.ne  total  powers  are  small  and  both  the  47  ns  and  7  ns 
oscillations  appear.  The  47  ns  oscillation  on  lines  whose  saturated  gain  does 
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CL  I  Run  34,  5.*i0  Torr,  50%  Geometric  Outcoupled , 
Symmetric,  Conf ocal ,  Unstable  Resonator 


Scrapper  Mirror 
Slit  (mm) 

nF 

PT 

(Watts) 

osr. 

Period  (ns) 

Amplitude 

Modulation 

U  PT> 

1 .0 

0.357 

0.39 

— 

— 

2.0 

1.428 

1.97 

7 

5.3 

3.0 

3.214 

1.03 

7 

4.7 

4.0 

5.714 

0.10 

47/7 

50.1 

5.0 

8.929 

0.01 

— — 

— 

Table  13.  Frequency  and  amplitude  of  the  titae-dependent  oscillation  of  total 
power  as  a  function  of  Fresnel  number  for  the  flow  rates  of  RUN  34 
at  5.4  torr. 


CU  i  ti  ,ozc  yRUN34,Run473 


®  *  5  ms  10  m*  15  ms  20  ms 


Figure  29.  Typical  oscilloscope  traces  of  the  time-dependent  oscillations  of 
the  total  power  when  the  saturated  gains  of  some  of  the  lasing 
lines  do  not  fill  the  unstable  resonator.  These  data  are  for  a 
scraper  mirror  slit  width  of  4  mm  for  the  RUN  34  flow  rates  at  3.4 
torr.  The  47  ns  oscillation  with  the  superimposed  7  ns 
oscillation  is  clearly  evident  in  the  upper  trace.  The  lowei 
trace  shows  the  square  wave  which  results  from  the  beam  chopper. 
From  the  vertical  scale  of  these  traces,  the  percent  amplitude 
modulation  induced  by  the  47  ns  oscillation  was  calculated. 


CLI  ,*l  i  ti  ,*p*c  t/RUH34/Rur>473 


Figure  30.  The  spectrum  analyzer  trace  for  the  total  power  oscillations  shown 
in  Figure  29  clearly  shows  the  47  ns  (21.1  HHz)  and  7  ns  (14?  MHz) 
oscillations. 


Run  34,  5.40  Torr,  5J£  Geometric  Outcounied 
Symmetric.,  Confocal,  Unstable  Resonator 
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Frequency  and  amplitude  of  the  time-dependent  oscillations  on  individual  lines  for  the  flow  rates  of 
RUN  34  at  5.4  torr  as  a  function  of  Fresnel  number.  Individual  line  data  were  not  taken  for  the  5  ra 
si.it  because  the  individual  lines  in  this  case  were  too  weak  to  operate  the  fast  detector. 
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CL  I,  Run  36,  6.50  Torr,  50%  Geometric  Outcoupled, 
Symmetric,  Confocal,  Unstable  Resonator 


Scraper  Mirror 

Slit  (mm) 

nf 

n 

1  r 

(Watts) 

OSC 

Period  (ns) 

Amplitude 
Modulation 
(%  PT) 

1.0 

0.357 

1.08 

— 

— 

2.0 

1.428 

2.59 

7 

3.7 

3.0 

3.214 

1 .22 

7 

2.9 

4.0 

5.714 

0.11 

47/7 

15.5 

5.C 

8.929 

0.01 

40 

30.8 

Table  15.  Frequency  and  amplitude  of  the  time-dependent  oscillation  of  total 
power  as  a  function  of  Fresnel  number  for  the  flow  rates  of  RUN  36 
at  6.5  torr. 
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not  fill  the  resonator  do  not  occur  for  Fresnel  numbers  less  than  3.2. 

Table  16  gives  the  oscillation  data  for  individual  lines  as  a  function 
of  Fresnel  number.  The  47  ns  oscillation  was  observed  o^  only  one  line, 
P^(8).  Other  lines  may  have  had  oscillations,  but  their  power  was  too  small 
to  operate  the  fast  detector.  Figure  31  shows  the  digitized  47  ns  and  7  ns 
oscillations  of  the  Pj(8)  line.  The  corresponding  square  wave  is  shown  in 
Figure  31  and  he  spectrum  analyzer  trace  is  shown  in  Figure  32.  The  spectrum 
analyzer  trace  shows  that  there  is  a  weaker  88  MHz  signal  as  well  as  the  21.1 
MHz  (47  ns)  and  the  143  MHz  (7  ns)  oscillations.  This  88  MHz  signal  is  broad 
and  indistinct  and  is  believed  to  be  random  noise  in  the  signal. 

3.5  COMPARISON  OF  CL  I  AND  CL  II  UNSTABLE  R '.SONATOR  PERFORMANCE 

■> 

(  >mparison  of  the  CL  I  and  CL  II  oscillation  data  shows  chat  no  47  ns 
oscillations  were  observed  with  the  3  mm  slit  size  for  the  CL  I,  whereas  the 
CL  II  showed  oscillations  of  about  40  ns.  For  the  4  mm  slit  size,  the  CL  I 
showed  only  one  individual  line  with  the  4’’  ns  oscillation  for  each  flow  rate 
while  the  CL  II  showed  six  lines  with  oscillations  of  about  40  ns  for  RUN  34 
and  five  for  RUN  36.  The  small  number  of  individual  lines  which  show 
oscillations  can  be  explained  by  the  fact  that  the  saturated  gain  of  the  CL  1 
was  twice  as  large  as  that  of  the  CL  II.  Consequently,  most  of  the  individual 
lines  did  not  lase  or  ■fere  too  weak  to  drive  the  InAs  fast  detector  and  thus 
fewer  lines  wure  obser ’ed  to  have  oscillations. 

The  amplitude  modulations,  %Pj  and  %PV(J),  of  the  CL  I  and  CL  II 
unstable  resonators  are  similar.  For  both  lasers,  the  amplitude  modulation 
increased  as  the  fraction  of  the  resonator  filled  by  the  saturated  gain  of  a 
lasing  line  dec  <■  is*d . 

Comparison  of  the  CL  I  unstable  resonator  powers,  Tables  13-16,  wit* 

•i 

the  CL  11  performance'  shows  a  large  difference  In  power.  For  exam  1  • ,  at  the 


Run  36,  6.50  Torr,  50Z  Geometric  (Xitcoupied , 
Symmetric,  Con focal.  Unstable  Resonator 
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CL  I  ,P1  (8)  ,*U  W,*C|u«r*,RUN3€,Run475 


Figure  31.  Typical  oscilloscope  traces  of  the  clme-dependenr.  oscillation  on  a 
line  whose  saturated  gain  does  not  fill  the  unstable  resonator. 
These  data  are  for  the  Pi(8)  line  for  a  scraper  mirror  slit  width 
of  4  inn  for  the  RUN  36  flow  rates  at  6.5  torr.  The  47  ns 
oscillation  with  the  superitnpop 'd  7  ns  oscillation  is  clearly 
evident  in  the  upper  trace.  The  lower  trace  shows  the  square  wave 
which  results  from  the  beam  chopper.  From  the  vertical  scale  of 
these  traces „  the  percent  amplitude  modulation  induced  by  the  47 
ns  oscillation  was  calculated. 


CLI,*lit«4,*p*c ,P1 (8) ,RUH36,R un475 
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Figure  32.  The  spectrum  analyzer  trace  for  the  same  line  as  shown  In  Figure 
31  clearly  shows  the  47  ns  (21.1  MHz)  and  the  7  ns  (143  MHz) 
oscillations.  The  trace  also  suggests  th<  presence  of  a  weak, 
broad  signal  at  about  8S  MHz,  which  Is  believed  to  be  random 
signal  noise. 
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2  mm  slit  width,  the  ratio  of  CL  I  power  to  CL  II  power  is  17%  for  Run  34  and 
15%  for  Run  36.  These  percentages  are  considerably  lower  than  the  overall 
average  of  45%  observed  for  stable  resonator  data.  A  possible  xplanation  for 
the  low  CL  l  unstable  resonator  output  powers  is  given  in  the  following 
analysis . 

From  Refetence  10,  the  saturated  gain  of  a  stable  or  unstable  resonator 
is  given  by 


sat 


2L 


in  ( 


0rL 


(3.5-1 


where  M  is  the 


for  e 


2L  a 
e  sat 


gives 


1.0  for  a  stable  resonator).  Solving 


^eusat 


Vl 


(3.5-2) 


The  ui  stable  resonator  was  50%  geometric  outcoupled  and  thus  it  is  reasonable 
to  make  a  comparison  between  the  saturated  gain  of  this  unstable  resonator  and 
the  saturated  gain  of  a  stable  resonator  with  an  effective  reflectivity  of 
50%.  The  magnification  of  the  unstable  resonator  was  2.0  and  the  mirror 
reflectivities  were  effectively  1.0.  For  the  stable  resonator,  the 
i  rgnificatlon  is  1.0  and  rL  *  1.0  and  rQ  -  0.50.  With  these  values,  &  . 
(3.5--?.)  gives 


(  ^('3sat\  2 

^  )«r  ■  2 


(a  >SK  ■  2 


(3.5-3) 


(3.5-4) 
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Comparison  of  these  results  shows  that 


2L  a  _ 

'  e  sat> 

.e  J 


UR 


2L  a  ‘ 
e  sat\ 

5  >SK 


(3.5-5) 


where  IJR  stands  for  uustable  resonator  and  SR  stands  for  stable  resonator. 
Equation  (3.5-5)  suggests  that  the  following  relationship  may  exist  between 
the  stable  and  unstable  resonators 


P 


UR 


(3.5-6) 


where  P  stands  for  pov..*r  and  fc,  is  a  constant  which  depends  upon  f lo  r  rates. 

If  2q.  (3.5-6)  was  true,  then  the  CL  1  unstable  resonator  peak  powers 
could  be  predicted  by 


CL  I 


CL  II 


2 

CL_I_ 

2 

CL  II 


(3.5-7) 


Thus  the  expected  CL  I  unstable  resonator  peak  powers  for  RUN  3<«  would  be 


I 


(11.7  Watts) 


.-12.  ■  Watts-/ 
'33.5  Watts -* 


1.63  Watts 


(3.5-8) 


and  for  RUN  36 


(17.2  Watts 


•  r  1 9 . 6  Watts-,2 
v46.5  Watts } 


3.06  Was  ts 


(3.5-9) 


The  experimental  values  of  1.97  Watts  for  RUN  34  and  2.59  Watto  for  RUN  36 
compare  well  with  the  above  predicted  values.  This  indicat.  that  tne  CL  T. 
unstable  resonator  data  .3  consistent  wi.ti  the  stable  revcnar  c  data. 
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The  time-dependent  oscillations  in  the  output  beam  o f  the  CL  l  laser 
employing  a  confocal  unstable  resonator  all  had  a  period  of  about  4?  ns  and 
increased  in  amplitude  as  the  fraction  of  the  resonate*  filled  by  the 
saturated  gain  of  a  lasing  line  decreased.  A  7  ns  oscillation  was 
superimposed  on  the  top  of  the  47  ns  oscillation  and  is  thought  to  be  a  mode 
beat  of  the  laser.  Tne  oscillations  on  lines  whose  saturated  gain  does  not 
fill  th*  resonator  did  not  occur  for  Fresnel  numbers  less  than  3.2. 
Comparison  of  CL  I  and  CL  II  unstable  resonator  data  shows  that  fewer  lines 
were  observed  for  the  CL  I  which  is  a  consequence  of  the  saturated  gain  of  the 
CL  l  being  twice  as  large  as  that  of  the  CL  II.  The  higher  saturated  gain  of 
the  CL  I  is  also  responsible  for  the  large  difference  in  CL  1  and  CL  II 
unstable  resonator  powers.  Overall,  the  CL  1  unstable  resonator  data  is 
COuSiStcuk  With  the  Cti  II  unstable  icoO'iatOi  data* 

3.6  CL  II  OBSERVATIONS  OF  ALIGNMENT  SENSITIVITY 

A  new  alumina  discharge  tube  and  new  scraper  mirrors  of  much  higher 
quality  were  used  during  the  CL  I  unstable  resonator  experiments.  To 
determine  if  these  new  components  had  any  effect  on  laser  performance,  it  was 
necessary  to  first  place  these  components  on  the  CL  II  and  compare  new  CL  II 
unstable  resonator  data  with  old  CL  LL  unstable  resonator  data. 

The  results  Indicated  no  change  when  using  the  new  components. 
However,  some  variations  in  the  initial  alignment  of  the  convex  mirror  led  to 
interesting  discoveries  about  alignment  sensitivity.  It  was  found  that  by 
adjusting  the  micrometer  controlling  the  horizontal  alignment  of  the  convex 
mirror,  :t  was  possible  to  increase  the  power  above  previously  observed  values 
while  simultaneously  ail  osclliatloni  disappeared,  or  it  was  possible  to 
i  btain  ery  strong  oscillations  (large  amplitude)  with  a  lower  power.  These 
variations  are  probably  the  result  of  altering  the  location  of  the  opticaL 
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axis ;  it  was  no  longer  parallel  to  the  ^  injectors.  However,  the  amount  of 
adjustment  required  to  cause  these  variations  was  surprising;  at  most  an 
adjustment  of  0.0016  inches  on  the  horizontal  micrometer,  which  translates  to 
an  angular  variation  of  0.040°.  Over  the  mirror  separation  of  1  meter,  this 
angular  displacement  alters  the  beam  center  on  the  concave  mirror  by  only  0.70 
nun. 
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IV .  CONCLlUlNG  REMARKS 


A  comparison  of  the  CL  I  and  CL  II  stable  resonator  data  showed  several 
scale  effects.  The  CL  l  power  was  an  average  of  45%  of  the  CL  II  power  for 
the  sne  cavity  loss,  independent  of  pressure.  The  fraction  of  the  power  in 
the  i+C  vibrational  band  did  not  change  significantly ;  however,  the  peaks  of 
the  power  spectral  distributions  of  the  CL  I  were  shifted  one  J  lower  than  the 
CL  II  spectral  pe  ks  for  the  same  cavity  loss.  The  CL  I  spectra  exhibit  fewer 
J  lines  than  CL  II  spectra.  These  effects  are  a  consequence  of  the  fact  that 
the  saturated  gain  of  the  CL  I  laser  is  twice  that  of  the  CL  II  laser  when  the 
lasers  have  the  same  cavity  loss.  As  observed  with  the  CL  II  stable  resonator 
data,  the  CL  l  spectra  shifted  toward  lower  J's  as  the  pressure  decreased  and 
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The  most  interesting  result  was  that,  when  the  saturated  gains  of  the 
two  Lasers  were  the  same,  the  CL  I  power  was  an  average  of  62%  of  the  CL  II 
power  for  low  measure  and  68%  for  high  pressure.  For  the  high  SF^  flow 
rates,  the  CL  I  power  was  70-80%  of  the  CL  II  power,  independent  of 
piessure.  These  data  suggest  that,  if  the  saturated  gain  is  held  constant, 
for  only  a  25%  performance  penalty,  the  size,  weight  and  gas  f  .ow  rates  of  a 
laser  can  be  reduced  by  a  factor  of  2.  The  power  spectral  distributions  of 
the  two  lasers  were  very  similar  when  the  saturated  gains  of  the  two  lasers 
were  the  same.  As  in  the  CL  II  data,  the  minimum  at  P-,  C 1 1 )  was  observed  in 
tie  high  pressuie,  high  SF^  fi  >w  rate  CL  I  data.  This  minimum  is  thought  to 
be  a  consequence  of  a  near  resonant  energy  transfer1  »-•  from  v  =  3,  J  *  3, A 
to  v  »  2,  J  *  14  with  a  subsequent  rotational  cascade  to  v  *  2,  J  =■  11. 
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Both  the  Blaze  11  an*  MN0R03SR  computer  simulations  gave  good  agreement 
with  the  measured  CL  1  power,  power  split  and  beam  dimeters.  MN0R03SR 
computations  produced  power  spectral  distributions  which  were  in  reasonable 
agreement  with  the  CL  I  data.  These  calculations  show  that  the  Blaze  II  and 
MN0R03SR  computer  models  of  the  Helios  laser  are  valid  as  a  function  of  mass 
flow  rates,  cavity  losses,  pressure  and  size  of  the  laser. 

The  time-dependent  oscillations  in  the  output  beam  of  the  CL  I  laser 
employing  a  confocai  unstable  resonator  all  had  a  period  of  about  47  ns  and 
increased  in  amplitude  as  the  fraction  of  the  resonator  filled  by  the 
saturated  gain  of  a  lasing  line  decreased.  A  7  ns  oscillation,  which  was 
superimposed  on  top  of  the  47  ns  oscillation,  is  thought  to  be  a  mode  beat  of 
the  laser.  The  oscillations  on  lines  whose  saturated  gain  does  not  flLl  the 
rt'HonaLoL  uiu  not  occur  for  Fresnel  numbers  less  than  3.2.  Comparison  of  CL  I 
and  CL  II  unstable  resonator  data  shows  that  fewer  lines  were  observed  for  the 
CL  I  which  is  a  consequence  of  the  fact  that  the  saturated  gain  of  the  CL  I 
was  twice  as  large  as  chat  of  the  CL  11.  The  higher  saturated  gain  of  the  CL 
I  also  Is  responsible  for  the  large  difference  In  CL  I  and  CL  II  unstable 
resonator  powers.  Overall,  the  CL  I  unstable  resonator  data  is  consistent 
with  the  CL  II  unstable  resonator  data. 

The  most  Interesting  result  of  this  study  was  the  indication  that  if 
the  saturated  gain  Is  held  constant,  fc>*  >nly  a  25%  performance  penalty,  the 
size,  weight  and  gas  requirements  of  a  laser  can  be  reduced  by  a  factor  2. 
This  was  suggested  by  a  comparison  of  He  los  CL  I  and  CL  II  laser  performance 
with  u  .  *  0.0192  cm~*.  Further  experiments  need  to  be  performed  with  other 

■>cl  L 

values  of  o  to  determine  it  the  performance  penalty  is  a  function  of  the 
3  tit. 

magnitude  of  a 

sat 
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